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RADIATION MEAslTREMENTS ON THE NINTH MERCURY-ATLAS MISSION (MA-9) 

By Carlos S. Warren and Benny R. Baker 
NASA Manned Spacecraft Center 

SUMMARY 

Mzasurements were taken during the  MA-9 mission t o  e s t a b l i s h  the  rad ia t ion  
received both ins ide  and outside the  spacecraf t .  The body dosage measured on 
t h e  astronaut  w a s  measured by four  f i l m  badges worn on t h e  body and inside the  
helmet. Radiation l eve l s  within the  spacecraf t  were measured by a nuclear 
emulsion pack placed behind the  instrument panel and by an ion iza t ion  chamber 
attached t o  the inside of t he  egress  hatch cover. The e x t e r i o r  environment 
measurements were made by Geiger tubes mounted on the  vehicle re t rorocket  pack- 
age. Dose measurements on the f i lm badges worn by the astronaut  show that less 
than 12 t o  14 mill i roentgens,  gamma equivalent body surface dose, were received 
from e lec t rons  and/or gamma rays.  
corded the decay of S ta r f i sh  e lec t rons  t o  a l e v e l  between 10 and 20 percent of 
the  J u l y  1962 value. 
for extended missions. 

The e x t e r i o r  environment measurements re -  

This amount i s  considered safe  a t  Mercury a l t i t u d e s ,  even 

INTRODUCTION 

The ninth Mercury-Atlas mission (MA-9) w a s  t he  second of the Mercury 
f l i g h t s  t o  in t e rcep t  the South At lan t ic  geomagnetic anomaly, which i s  known t o  
contain energet ic  protons and e lec t rons  of t h e  Van Allen b e l t  and e lec t rons  
trapped as a r e s u l t  of t he  high-al t i tude nuclear t e s t  performed by the  United 
S ta tes  on Ju ly  9, 1962 (ref.  1). The e lec t rons  trapped as a r e s u l t  of t he  
nuclear t e s t  were emitted by the  radioact ive decay of f i s s i o n  nuclei .  Those 
having t h e  proper p i t ch  angles were subsequently trapped by the  e a r t h ' s  geo- 
magnetic f i e l d ,  executing o s c i l l a t o r y  motion i n  l a t i t u d e  along magnetic l i n e s  
and d r i f t i n g  eastward i n  longitude. Energies of t h e  e lec t rons  a r e  as high as 
10 MeV ( re f .  2 ) .  

Both t h e  MA-9 astronaut  and the  spacecraf t  were instrumented with rad ia-  
t i o n  de tec tors .  The dose received by the  astronaut  w a s  monitored with standard 
DuPont e l e c t r o n - g m a  sens i t i ve  f i lm  placed .on h i s  inner  r i g h t  thigh,  on h i s  
r i g h t  and l e f t  chest ,  and ins ide  h i s  helmet. Radiation l e v e l s  a t  other  points  
i n  the spacecraf t  were monitored by a Model 866, 0- t o  1-r Bendix ion iza t ion  
chamber mounted on the  egress  hatch and by a nuclear emulsion pack mounted be- 
hind the  l e f t  instrument console. The f i lm and nuclear emulsions were furnished 
and ca l ibra ted  and t h e i r  da ta  were analyzed by Dr. H. J. Schaefer, U.S. Naval 



School of Aviation Medicine, Pensacola, F lor ida .  The emulsion and the  ioniza-  
t i o n  chamber w e r e  i d e n t i c a l  t o  those ca r r i ed  on the e igh th  Mercury-Atlas (MA-8) 
f l i g h t  ( ref .  3 ) .  The r ad ia t ion  environment e x t e r i o r  t o  t h e  vehicle  w a s  moni- 
' tored by two Geiger tubes mounted on the  r e t ro rocke t  package. 

SYMBOLS 
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two-dimensional coordinates that give loca t ion  i n  terms of t he  
e a r t h ' s  magnetic f i e l d  i n t e n s i t y  B and a magnetic s h e l l  parameter L 
measured from the  center  or' t he  e a r t h  t o  the  in t e r sec t ion  of t he  
equa to r i a l  plane wi th  the  magnetic l i n e  of force  through the  point 
i n  question; B i s  measured i n  gauss, and L i n  e a r t h  r a d i i .  

n th  incremental area, em 2 

average l i n e a r  energy t r a n s f e r  (IXT) of protons i n  the  i t h  
-I grain-count c l a s s ,  Mev-em 

t o t a l  re la t ive response of the Geiger counter,  s te rad ians  

average re la t ive response of t h e  de t ec to r  over the  nth area, 
s te rad ians  

conversion f a c t o r  of energy per  m a s s  t o  dose, 1.72xlO 
roe n tge n s /MeV-@ 

flux o f  protons a t  energy 

-8 
-1 

2 E , protons/cm -see 
P 

d is tance  between the  Geiger tube and the  n th  area increment, em 

elapsed time from Ju ly  9, 1962, days 

t o t a l  proton t r ack  length i n  the  emulsion volume i n  the  i t h  
grain-count c lass ,  em 

emulsion volume, em 3 

coordinate axes of t he  Geiger 'counter ( f ig .  12)  

charge number or' an  atom 
-. 

polar  angle,  deg 

dens i ty  of t i s s u e ,  gm-em -3 

azimuthal angle, deg 
p . I .  

e lec t ron  flux, electrons/cm -see 



2 i n i t i a l '  S t a r f i s h  e l ec t ron  f lux ,  electrons/cm -see 

maximum de tec to r  response a t  voltage v, electrons/cm -see 

@O 
2 

m(v) 

EQUIPMENT 

Radiation measurements on the  MA-9 mission w e r e  made by f i l m  badges on the  
as t ronaut ,  nuclear emulsions behind t h e  l e f t  instrument, console, and an  ioniza- 
t i o n  chamber on the  i n t e r i o r  of t he  egress  hatch. P a r t i c l e  flux outside the  
spacecraf t  was monitored by two Geiger counters. 

The as t ronaut  w a s  instrumented with DuPont dosimeter f i l m  badges, type 345, 
a t  each of the  following locat ions:  no. 1, r i g h t  l o i n ;  no. 2, r i g h t  chest ;  
no. 3, l e f t  chest ;  and no. 4, ins ide  helmet. 

The nuclear  emulsion pack, which was  ca s t  i n  epoxy r e s i n  approximately the 
thickness  ot' the  space s u i t ,  w a s  located behind the  l e f t  instrument console 
( f i g .  1). The pack contained e i g h t  1- by 3-inch I l f o r d  p la tes .  Six of t he  
p l a t e s  w e r e  G-5 emulsions with a nominal thickness  of 50 microns, one w a s  a 
G-5 emulsion with a thickness  of 100 microns, and one w a s  a K-2 emulsion with 
a thickness  of 50 microns. Since the  manufacturing da te  of t h e  emulsions w a s  
March 29, 1963, t h e  emulsions w e r e  47 days old when flown and 57 days old when 
developed. 

The ion iza t ion  chamber flown on t h e  MA-9 spacecraf t  w a s  t he  same type as 
t h a t  used on the  MA-8 miss ion . ( r e f .  3 )  and w a s  located i n  approximately' the 
same place,  on the  i n t e r i o r  of the  egress  hatch ( f i g .  2 ) .  This loca t ion  i s  

behind the  th innes t  material on the  spacecraf t ,  approximately 0.6 gm/cm . 2 

The p a r t i c l e  f lux  encountered on the  MA-9 mission during the passage 
through the  South At lan t ic  magnetic f i e l d  anomaly w a s  monitored by Geiger tubes 
mounted on t h e  spacecraf t  re t rorocket  package, as shown i n  f igu res  3 and 4. 
The tubes were Amprex 18529 with a s t a i n l e s s - s t e e l  w a l l  th ickness  of approxi- 

mately 0.09 gm/cm . 
ax i s ,  and the o ther  viewed a hemispherical area a t  an  angle of approximately.  
40" t o  t h e  roll ax i s .  

2 One tube w a s  coll imated t o  view along the spacecraf t  roll 

The tubes were sens i t i ve  t o  e l ec t rons  g rea t e r  than  0.25 MeV i n  energy and 
protons g rea t e r  than  6 MeV. The uncolYimated tube was f i t t e d  with a 1-mm tung- 
s t e n  sh i e ld  t o  eliminate e l ec t rons  w i t h  less than approximately 3 MeV i n  energy 
and protons wi th  less than 27 Mev. The output of t he  de t ec to r s  w a s  put i n t o  a 
0- t o  3-volt  vol tage control led o s c i l l a t o r .  The noise level  of t he  o s c i l l a t o r ,  
0.02 vo l t ,  corresponded t o  a Geiger tube output of 50 counts/sec. The proton 

2 geometric f a c t o r  of t he  uncollimated tube w a s  approximately 0 .1  em and t h a t  of 

the  coll imated tube approximately 0.004 em . 
package i s  presented i n  the  appendix. 

2 A descr ip t ion  of the  Geiger t u b e  
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RESULTS AND DISCUSSION 

Exposure 

Flown f i lm  no. 3 (as t ronaut ' s  
l e f t  chest ) 

roentgens gamma rad ia t ion  

Sea-level control ,  unexposed 

Control, exposed t o  19.5 m i l l i -  

Measurements Made Inside Spacecraft 

Mean absolute dens i ty  

0.212 

.232 

.168 

Dose measured on the  astyonaut.-  Films of the  same emulsion and car ton 
number as those ca r r i ed  by t h e a s t r o n a u t  were used a s  sea- level  controls .  
a l l  times except during the  f l i g h t ,  these films were kept i n  close proximity 
t o  t he  flown f i lms.  Another sea- level  control  group was  kept a t  Pensacola, 
Florida,  and a t h i r d  control  group was used t o  e s t a b l i s h  the  dens i ty  curve of 
t he  f i lm  by exposure t o  doses from 2 t o  500 mil l i roentgens of radium-gamma 
rad ia t ion  obtained from a 15-mill icurie radium source. 

A t  

The flown films showed dens i t i e s  s l i g h t l y  higher than the  sea- level  con- 
t r o l s  and s l i g h t l y  lower than the  t es t  f i lm exposed t o  a gamma dose of 19.5 m i l -  
l i roentgens.  
par t  of t he  dens i ty  curve where the  gradient  i s  s m a l l ;  however, they allow a 

The densi ty  values involved l i e  close together  on t h e  i n i t i a l  

f ollawing 

In te rpola t ion  on the  dens i ty  curve shown i n  f igure  5 l ed  t o  an equivalent 
gamma dose of 13.4 mill iroentgens for f i lm no. 3. Similar densi ty  measurements 
revealed doses of 14 milliroentgens for no. 1, 13 mil l i roentgens for no. 2, and 
12 mill iroentgens for no. 4. 
i r r ad ia t ed  and flown f i lms showed d i f f e r e n t  g ra in  pa t te rns .  
demonstrate these d i f f e r e n t  pa t te rns  i n  d e t a i l .  
of the  gamma-exposed emulsion, and f igure  7 presents  randomly se lec ted  v i sua l  
f i e l d s  of f i lm  no. 3. The s t reakiness  of t he  g ra in  pa t t e rn  i n  the  flown emul- 
s ion  was very pronounced. 
microgram of f igu re  7 which w a s  apparently produced by a heavy nucleus of high 
Z number. 

However, a microscopic comparison of t he  g m a -  
Figures 6 and 7 

Figure 6 shows the gra in  pa t te rn  

O f  spec ia l  i n t e r e s t  was the  heavy s t reak  i n  the l e f t  

The marked difference of t he  g ra in  s t ruc tu res  indicated t h a t  the  f i lm  
exposure w a s  not e n t i r e l y  due t o  e lec t rons  and/or gammas, but was  a l s o  due t o  
protons or other  heavi ly  ionizing p a r t i c l e s .  This conclusion was borne out by 
the  da ta  from t he  I l f o r d  G-5 nuclear emulsions located on the vehicle i n s t ru -  
ment console, which a r e  discussed subsequently. The conclusion t o  be drawn 
from t he  combined densitometric and microphotographic evaluat ion of the  f i lm  
badges is  t h a t  t h e  dose from e lec t rons  and/or gamma rays t o  the  astronaut  was 
l e s s  than 12 t o  14  mill iroentgens.  
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Nuclear emulsion data . -  Pos t f l i gh t  microscopic inspect ion of the processed 
p l a t e s  from the nuclear emulsion pack revealed t h a t  proton t racks  cons t i tu ted  
by far the  l a rges t  par t  of the  exposure. Figure 8 shows a t y p i c a l  f i e l d  of a 
G-5 emulsion (50-micron nominal thickness)  t h a t  w a s  flown. The proton t racks  
are pronounced on the  low background. 

The proton dose on t h e  emulsion was determined by using a quadrat ic  re t i -  
cule i n  the eyepiece of t he  microscope t o  scan a defined a rea  of the  emulsion. 
The lengths and gra in  d e n s i t i e s  of a l l  t racks  i n  the  a rea  were evaluated. The 
t o t a l  emulsion volume, i n  which a l l  t racks  were analyzed, w a s  determined by 
using the  measured value of 62 microns f o r  t he  unprocessed emulsion thickness.  
If t h i s  t o t a l  emulsion volume is  visual ized as being replaced by t i s s u e ,  t he  
equivalent t o t a l  ion iza t ion  which the  same proton population would have produced 
can be determined. A bas ic  d i f f i c u l t y  of the  grain-counting method r e s t s  i n  
the  f a c t  t h a t  toward higher g ra in  dens i t i e s ,  t he  g ra in  count becomes inaccurate 
and f inal ly  impossible. 
w a s  es tabl ished f o r  the emulsion used. It i s  possible ,  however, t o  determine a 
da ta  point  a t  approximately zero energy by counting t h e  number of t racks  that 
terminate i n  the  emulsion volume. Therefore, t he  d i f f e r e n t i a l  energy f l u x  can 
be d i r e c t l y  measured a t  near 0 MeV and above 36 Mev, leaving only t h e  0 t o  
36 MeV region t o  be interpolated.  
t r i b u t i n g  the t r acks  t h a t  f a l l  i n  the  high-grain-count c l a s s  i n  such a way t h a t  
a smooth joining of the  d i f f e r e n t i a l  spectrum was made between 0 and 36 Mev and 
t h e  i n t e g r a l  of the  spectrum over t h a t  energy range r e su l t ed  i n  the  number of 
t racks  counted i n  t h a t  region. Figure 9 shows the  d i f f e r e n t i a l  proton spectrum 
measured on the  MA-9 mission ( r e f .  4 ) .  The p lo t ted  points  a r e  the  mid-points 
of the se lec ted  energy in t e rva l s  (see t a b l e  I).  

A lower energy-resolution l i m i t  of approximately 36 MeV 

The in te rpola t ion  was  ca r r i ed  out by d i s -  

The t i s s u e  dose w a s  determined by regarding the  emulsion volume as being 
replaced with t i s s u e  and by ca lcu la t ing  the  energy deposited per gram by t h e  
protons passing through the  emulsion, t h a t  is ,  i n  roentgens 

dE to t h a t  of t i s s u e .  The - dE values where 2.33 is the  r a t i o  of emulsion dx 
used are an average of those presented i n  reference 5 f o r  I l f o r d  G-5 emulsions. 
Table I summarizes the  information derived from a t y p i c a l  volume of emulsion. 
The measured g m a  equivalent t i s s u e  dose, corrected for background, w a s  
26.9 mill iroentgens.  

dx 

The proton-track population i n  the  MA-9 p la t e s  showed a strong d i r ec t iona l  
e f f e c t .  The method of assessing the  dose w a s  not influenced by t h i s  d i r ec t iona l  
e f f e c t  since the  a c t u a l  t o t a l  number of protons and t h e i r  t o t a l  ion iza t ion  i n  
t h e  scanned emulsion volume was  determined, and no assumptions on the  so l id  
angle of incidence entered t h e  computation. 

To estimate q u a l i t a t i v e l y  the  e l ec t ron  population i n  t h e  spacecraft ,  t he  
nuclear emulsions were examined f o r  evidence of e lec t rons .  This procedure was 
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somewhat d i f f i c u l t  because of the  many proton t r a c k s  i n  t h e  flown p la t e s .  
However, by se l ec t ing  p a r t i a l  a reas  which were r e l a t i v e l y  f r e e  of proton t r acks  
and comparing them with areas of equal s i z e  i n  t h e  sea- level  cont ro l  p l a t e s ,  it 
w a s  determined that the  number of e lec t rons  i n  the  flown and sea- level  cont ro l  
p l a t e s  w a s  not s i g n i f i c a n t l y  d i f f e r e n t .  

Ion iza t ion  chambermeasurements.- The ion iza t ion  chamber was  placed on the  
egress  hatch cover wi th in  1 hour a f t e r  l i f t - o f f  of the MA-9 spacecraf t  and 
remained there  u n t i l  j u s t  p r i o r  t o  r e t r o f i r e  (approximately 33 hours).  
recovery, t he  meter indicated a t o t a l  exposure of 170 mill i roentgens.  

Upon 

60 Calibrat ion of the  ion iza t ion  chamber t o  a Co gamma-ray source estab-  
l i shed  t h a t  t he  de t ec to r  reading w a s  low by an average of 6.9 percent with a 
standard devia t ion  of 3.0 percent.  It i s  estimated that a reading e r r o r  of 
f10 mill i roentgens could have been made. Taking i n t o  account the  low de tec to r  
response and possible  reading e r ro r ,  the  t r u e  reading should have been a gamma 
equivalent dose of 

(1.059 f 0.030) (170 f 10 mil l i roentgens)  = 182 f 12 mill i roentgens ( 2  1 

The MA-9 dose recorded by the ion chamber was  approximately three  t i m e s  t h a t  
recorded on the  MA-8 mission, which was  cons is ten t  with the  relative lengths  
of time spent i n  the  anomaly region. 

Exter ior  Environme n t  Me as urement s 

Two Geiger tubes,  mounted on the  e x t e r i o r  of the  spacecraf t  re t rorocket  
package, monitored t h e  p a r t i c l e  f l u x  during passage through the  South At l an t i c  
magnetic f i e l d  anomaly. 
generator showed that the  uncollimated-tube noise l e v e l  of 0.02 v o l t  corre- 

.sponded t o  a lower de tec t ion- leve l  l i m i t  of approximately 2x10 
Assuming 100-percent e f f i c i ency  i n  the de tec t ion  of the  protons t h a t  penetrate  
t he  tube sh ie ld ing  and w a l l s ,  the  noise l e v e l  combined with the geometric 

2 f a c t o r  produced a proton de tec t ion  l i m i t  of approximately 500 protons/cm -see. 

Cal ibrat ions performed with a 3-Mev Van de Graaff 

4 2 electrons/cm -see.  

The l i m i t  of 0.02 v o l t  w a s  never exceeded by the  shielded tube during 
o r b i t a l  passes through t h e  anomaly; consequently, the  f l u x  of e lec t rons  g r e a t e r  

than 3 Mev w a s  less than  2X104/cm2-sec and t h a t  of protons g rea t e r  than  27 Mev 

w a s  l e s s  than 500/cm -see. 2 

Data were gathered by the  collimated de tec to r  on two passes through the  
anomaly; the  f i rs t  w a s  the port ion or' the  seventh o r b i t a l  pass between the  
geographic coordinates of' 30.7" S. l a t i t u d e ,  29" W. longitude, and 31" S. 
l a t i t u d e ,  1" E. longitude, and the second was the  por t ion  of the e ighth  o r b i t a l  
pass between 32" S. l a t i t u d e ,  26" W. longitude, and 30" S. l a t i t u d e ,  15" W. 
longitude. Alt i tude var ied  between 263 and 250 km on the seventh o r b i t a l  pass, 
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and between 256 and 250 km on the  eighth o r b i t a l  pass. 
B and L coordinates of reference 6 where L i s  the  magnetic s h e l l  parameter i n  
e a r t h  r a d i i ,  and B i s  the  magnetic f i e l d  i n t e n s i t y  i n  gauss, B varied between 
0.2223 and 0.2532 on the  seventh o r b i t a l  pass and between 0.2334 and 0.2454 on 
t h e  e ighth  o r b i t a l  pass. The value of' L varied between 1.268 and 1.540 on the  
seventh o r b i t a l  pass and between 1.376 and 1.427 on the  e ighth  o r b i t a l  pass. 

When transformed t o  t h e  

The lower proton de tec t ion  l i m i t  of t h e  collimated tube w a s  calculated t o  
4 2 be approximately 10  protons/cm -sec. 

higher than any proton flux measured a t  these B and L values and, therefore ,  it 
is  concluded that the  counts recorded w e r e  e n t i r e l y  from e lec t rons .  

This value i s  severa l  orders of magnitude 

The mouth of the coll imator f o r  the  detector  w a s  rectangular  with dimen- 
15 sions of 2 inch by lig inches. The collimator.  p r o f i l e  w a s  mapped a t  severa l  

azimuthal angles with respect  t o  the  coll imator center  which produced r e l a t i v e  
angular response with respect  t o  the  tube normal a t  the  center  oti the  c o l l i -  
mator. 
long and short  axes. 

Figure 10 shows the  relative tube and coll imator response along the  

The response of t he  collimated de tec tor  over i t s  subtended so l id  angle 
r e l a t i v e  t o  t h e  response a t  t h e  normal angle of p a r t i c l e  incidence (maximum 
response) was  obtained by dividing the  coll imator a rea  i n t o  n increments dAn 

and multiplying the  s o l i d  angle subtended by 

response over t h a t  a rea ;  t h a t  i s j  if  

the  nth area,  

dAn by the  average r e l a t i v e  

represents the  r e l a t i v e  response over Fn 

where F i s  the  r e l a t i v e  response of the  de tec tor ,  and r i s  t h e  dis tance 

from the  tube center  t o  the  center  of 
n 

dAn. 

The maximum response of the de tec tor  w a s  measured a t  severa l  e lec t ron  
energies and normalized to t he  presumed S ta r f i sh  e l ec t ron  spectrum furnished 
by Dr. W. N. Hess of NASA Goddard Space P l ight  Center and shown i n  f igure  11. 

Figure 12 shows the  normalized m a x i m u m  response i n  electrons/cm -sec as a 
funct ion of de tec tor  output voltage.  If @(v)  i s  the  maximum response i n  

electrons/cm2-sec a t  some voltage v, then the  omnidirectional response i s  

2 

@ =  e/cm2-sec 

Table I1 l i s t s  @ measured on the  MA-9 mission as a funct ion of B and L. 
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Figure 13 shows the  measured e l ec t ron  f l u x  i n  t h e  anomaly as a funcion 
of L. Also shown a r e  the calculated f luxes  f o r  the  same B and L based on 
July 1962 S t a r f i s h  e l ec t ron  da ta  obtained from Dr. Hess. 
b e l t  was  evident over t h e  311-day period between t h e  b e l t  formation and t h e  
time of the MA-9 mission. The da ta  show the  b e l t  s t rength  t o  be between 
10 and 20 percent of i t s  i n i t i a l  value by t h e  time of the  MA-9 f l i g h t  (May 15, 
1963). 
which r ad io  measurements were made i n  Peru of synchrotron r ad ia t ion  a t  30 and 
50 megacycles per  second. The synchrotron measurements es tab l i shed  a decay 
curve of 

The decay of the 

These da ta  compare favorably with t h e  decay da ta  of reference 7 i n  

1 
0- * = m  

where G o  i s  the  i n i t i a l  b e l t  value and t i s  elapsed t i m e  i n  days. For a 

t of 311 days, equation ( 5 )  gives 

d = 0.16 mo 

CONCLUSIONS 

Dose measurements on the MA-9 p i l o t  using fi lm badges establ ished t h a t  
the  ast ronaut  received l e s s  than 12 t o  14 mill i roentgens,  gamma equivalent 
body surface dose, from e lec t rons  and/or gamma rays.  

Dose measurements ins ide  the  vehicle using nuclear emulsions located be- 
hind the  l e f t  instrument console and an  ion iza t ion  chamber attached to t h e  
egress-hatch-cover i n t e r i o r  es tabl ished the  following: 

(1) 

( 2 )  

A proton dose of 27 milliroentgens was  measured by the  emulsions. 

The protons were genera l ly  below 130 MeV i n  energy, and showed a 
strong d i r ec t iona l i t y ,  presumably due to l o c a l  absorbing matter around the 
emulsions . 

( 3 )  Electron background i n  the emulsions was not s i g n i f i c a n t l y  d i f f e ren t  
from sea- level  controls ,  again presumably due t o  l o c a l  absorbing matter. 

The ioniza t ion  chamber measured 182 f 12mil l i roentgens ,  gamma (4) 
equivalent dose, i n  the most exposed port ion of the vehicle .  

2 of the  chamber corresponded t o  a t i s s u e  depth of 0.2 t o  0.4 gm/cm . 
The w a l l  thickness 
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Electron flux measurements es tab l i shed  that the  S t a r f i s h  b e l t  had decayed 
t o  between 10 and 20 percent of i t s  J u l y  1962 value a t  the  time of the MA-9 
f l i g h t .  
f o r  r e l a t i v e l y  extended missions. 

The S t a r f i s h  e lec t rons  present no hazard a t  Mercury a l t i t u d e s ,  even 

Manned Spacecraft Center 
National Aeronautics and Space Administration 

Houston, Texas, October 15, 1964 
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APPENDIX 

THE MA-9 EI;ECTRON FLUX DETECTOR 

The MA-9 e l e c t r o n  f lux de tec tor  w a s  developed t o  convert t he  number of 
p a r t i c l e s  en ter ing  the  Geiger tube i n t o  corresponding analog voltage.  
analog voltage i n  t u r n  var ied  the  frequency of a vol tage cont ro l  o s c i l l a t o r  
(VCO). 
board the  MA-9 vehic le .  The spacecraf t  l oca t ion  i n  o r b i t  and the  frequency 
va r i a t ions  provided the  required da ta  f o r  determining the  e l ec t ron  flux at  a 
given locat ion.  

The 

These frequency va r i a t ions  were recorded on magnetic tape ca r r i ed  on- 

The instrument was constructed i n  two uni t s :  The f i rs t  contained t h e  
Geiger tubes,  monostable mult ivibrator ,  and t h e  Eccles-Jordan f l i p - f l o p  c i r c u i t ,  
and w a s  housed i n  a mounting at tached t o  the  outs ide  of the  spacecraf t  r e t r o -  
rocket package. The second was the  in t eg ra to r  c i r c u i t  housed i n  a module 
mounted ins ide  t h e  re t rorocket  package. This i n s ide  loca t ion  provided a m o r e  
s t ab le  temperature than  the  outside surface.  

The instrument w a s  designed with two independent da ta  channels. Figure 14  
shows a block diagram of the  complete instrument and f igu re  15 i s  a schematic 
diagram of one da ta  channel, t he  high vol tage d-c t o  d-c converter, and the  
voltage regulator .  

The power for the  Geiger tube was appl ied t o  the  co l l ec to r  e lectrode 
through two load r e s i s t o r s .  
across  the  smaller r e s i s t o r  was used t o  t r i g g e r  t h e  monostable mult ivibrator .  
The monostable mul t iv ibra tor  w a s  composed of Q1, Q2, and the associated com- 

ponents. The r e s i s t o r  €$, and capaci tor  CT were se lec ted  f o r  a des i red  

pulse width of approximately 7 p e e .  
w a s  used t o  t r i g g e r  a f l i p - f l o p  c i r c u i t  ( Q 5  and $4). 
f lop  c i r c u i t  w a s  impressed across  two r e s i s t o r s ,  one of which control led the  
number of pulses  required for maximum analog vol tage output. 
ceptance voltage of the VCO w a s  3 vol t s .  

The port ion of t he  s igna l  which w a s  developed 

The pulse from the  monostable mul t iv ibra tor  
The output of t h e  f l i p -  

The maximum ac- 

The in t eg ra to r  received the  pulses from t he  range adjustment, d i f f e ren -  
t i a t e d ,  clipped the negative portion, and used the  pos i t i ve  port ion t o  charge 
the  in t eg ra t ing  capaci tor ,  . 

The in t eg ra t ing  c i r c u i t ,  which had a t i m e  constant of 11 seconds, converted 
the  number of pulses  i n t o  corresponding d-c l eve l s .  

The de tec tor  col l imator  w a s  defined by a s e r i e s  of tungsten baffles. The 
high-density ba f f l e s  presented a small surface for e lec t ron  sca t t e r ing  ins ide  
the  coll imator and allawed the maximum col l imat ion of the p a r t i c l e s .  

The da ta  obtained on MA-9 were continuous over t he  period of operation. 
Preliminary da ta  reduct ion was performed, and a readout of voltage a t  

10 
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half-second i n t e r v a l s  w a s  obtained. For ease of presentat ion,  the  half-second 
da ta  were averaged over 10-second in t e rva l s  by using an IBM 7090 program. 
These da ta  a r e  presented i n  t a b l e  I1 and are p lo t ted  i n  f igu re  13. 
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TABLE I.- RESULTS l 3 O M  EMULSION USED ON MA-9 MISSION 

< 48 

. 

360 

Proton mean 
k i n e t i c  energy, Grains per  

100 microns 1 Mev 

0.99 

2.09 

2.03 

2.39 

2.29 

19.0 
28.8 

0.35 

.26 

.18 

.11 

.10 

222  
1.92 

48- 73 

73-96 

96-120 

120-144 

> 144 

153 

91 

62 

44 

18 

- .  

Tissue dose, mill iroentgens 

control  
1 
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TABLE 11.- MA-9 ELECTRON FLUXES 

B, 
gauss 

0.22231 
,22231 
.22386 
.22386 
.22464 
.22 655 
.22560 
.22660 
.22660 
.22660 
.22847 
.22859 
-22977 
.23071 
.23071 
23303 

.23405 
,23405 
-23536 

-23659 
23659 

.23544 

.23740 

.e3808 

.23880 

.23960 

.24&3 

L, 

1.268 

- m t h  radii 
.- - 

1,277 
1-277 
1.293 
1 *299 
1.316 
1.310 

1.320 
1.320 

1.320 

1.334 
1 338 
1 - 350 
1 357 
1 357 
1.378 
1.386 
1.386 
1 399 
1 399 
1.407 
1.407 
1.3980 
1.4O07 
1.4037 
1.4067 
1.4098 

-_  

6 
6 
6 
6 
6 
6 1.53 x 10 
6 1.50 x 10 
6 1.48 x 10 
6 1.44 x 10 

1.38 x 166 
6 1.33 x 10 
6 1.26 x i o  
6 1.19 x 10 
6 1.14 x 10 
6 1.09 x 10 
6 1.04 x 10 

9.10 x i o  

1.26 x i o  
1.39 x 10 

1.48 x 10 
1.52 x 10 

1.53 X 10 

9.73 x 105 

8.60 x 105 

7.28 x 105 

5 

5 7.90 X 10 

6.70 x 105 

B, 
gauss 

0.24133 
.24230 
.24338 
.24437 
.24540 
23777 

,23896 

- -  

.24017 

.24024 

.24157 

.24407 

.24278 
24533 

.24661 

.24789 

.24918 

.24919 

.25&8 

.25194 
,25194 
.25322 
.e334 
-2347 
.23558 
.23624 
.23685 

- 

__ 

L, 
?a r th  r a d i i  

1.4131 
1.4165 
1.4202 
1.4236 
1.4270 
1.416 
L .425 
1.433 
1.439 
1.442 
1.461 
1.457 
1.470 
1.480 
1.490 
1.500 

1.521 
1.501 

1.531 
1.531 
1.540 
1.3765 
1.384 
1 4883 
1 3917 
1 3950 

$ 7  2 2lectrons /cm - 5 ec 

2.81 x 105 
5 2.59 x 10 

2.43 x io5 
2.25 x lo5 

6.03 x 10' 

4.80 x lo5 

3.86 x lo5 

3.16 x 10' 
5 2.97 x 10 
5 2.91 x i o  
5 2.78 x 10 

2.74 x 105 
2.68 x 105 

2.58 x 105 
2.34 x 105 

4.99 x lo5 
4.93 x 105 
4.74 x 105 
4.46 x 105 

2.02 x 105 

5.37 x 105 

4.30 x 105 

3.45 x 105 

5 2.63 x i o  

5 
5 

2.11 x 10 

4.70 x 10 



R a d i a t i o n  package  

M a i n  instrument pone1 

R a d i a t i o n  package  

Figure 1. - Ehulsion placement on instrument console. 
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Figure 2.-  Ion chamber pos i t ion  on the  egress  hatch cover. 
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Figure 3. - MA-9 e x t e r i o r  environment detector.  
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Figure 4.- Geiger tube placement. 
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Figure 5 . -  Density curve f o r  f i lm no. 3 (a s t ronau t ' s  l e f t  ches t ) .  
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Figure 6 . -  Micrograms of DuPont dosimeter f i l m  type 545, exposed t o  19.5 mill i roentgens 
of radium-gamma rad ia t ion .  Diameter ot' v i s u a l  f i e l d :  345 microns. 



Iu 
0 

Figure 7.- Micrograms of DuPont dosimeter f i lm type 545 car r ied  by astronaut  on l e f t  chest .  
Diameter of v i sua l  f i e l d :  345 microns. 



Figure 8. - Microgram of I l f o r d  G-5 emulsion (50-micron nominal th ickness)  
flown on MA-9 mission. Diameter of v i s u a l  f i e l d :  735 microns. 
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Figure 9. - MA-9 d i f f e r e n t i a l  proton spectrum. 
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Figure 10.- Collimator e f f e c t  on tube response. 
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Figure 11.- Assumed S ta r f i sh  e l ec t ron  spectrum a t  an  a l t i t u d e  
of 300 km, May 15 and 16, 1963. 
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Figure 12. - Maxi" detector  response. 



Figure 13. - Electrons i n  the anomaly, E > 0.25 MeV. 
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Figure 1 4 . -  Block diagram of MA-9 electron flux detector.  
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